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[57] ABSTRACT 

This invention describes pharmaceutical compositions 
and methods of treating ulcerating diseases of the gas- 
trointestinal tract in mammals with an acid-resistant 
fibroblast growth factor compositions. Also described is 
the use of acid-resistant fibroblast growth factor com- 
positions in the treatment of various other fibroblast 
growth factor-responsive conditions. 
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administering to the mammal an effective amount of an 
ACID-RESISTANT FGF COMPOSITION FOR acid-resistant FGF composition or a pharmaceutical^ 
TREATING ULCERATING DISEASES OF THE acceptable salt thereof. Specifically, the present inven- 
GASTROINTESTTNAL TRACT tion provides a method of treating mammaic having an 

5 ulcerating disease of the gastrointestinal tract which 
The present application is a continuation of applica- comprises administering an effective amount of an acid- 
tion Ser. No. 07/382,263, filed Jul. 20, 1989, now U.S. resistant FGF composition to the mammal. More spe- 
Pat. No. 5,175,147, which is a continuation-in-part of cifically, the present invention provides a method for 
Ser. No. 07/234,966, filed Aug. 19, 1988, now aban-. treating peptic ulcers and other diseases, especially 
doned. 10 those which would otherwise be responsive to FGF 

The present invention relates to acid-resistant flbro- treatment but for existence of an acid environment, 
blast growth factor compositions, and to methods of Preferably, the acid-resistant FGF composition of the 
treating ulcerating diseases of the gastrointestinal tract present invention is administered in a pharmaceutically 
in mammals with acid-resistant fibroblast growth factor acceptable vehicle in conjunction or in combination 
compositions. This invention also relates to the use of 15 with one or more of the following: (a) stabilizing agents; 
acid-resistant fibroblast growth factor compositions in (b) antisecretory agents such as H2-receptor antago- 
the treatment of various other fibroblast growth factor- nists; (c) cytoprotective agents; and (d) antacids, 
responsive conditions especially where acid and/or Acid-resistant FGF compositions in accordance with 
heat labile fibroblast growth factor has comparatively the present invention, when administered to mammals 
less therapeutic value. 20 with ulcerating diseases of the gastrointestinal tract, 

BACKGROUND OF THE INVENTION ^rJ^LT?^ '^^^ ^ 

compared with the above-described Ife-receptor antag- 

Ulcerating diseases of the gastrointestinal tract, com- onists, the best result for the antagonists was less than or 
monly referred to as peptic ulcers, are diseases in which equal to result achieved with approximately 10% of the 
there is a defect in the epithelium of the gastrointestinal 25 optimal amount of the acid-resistant FGF composition. 

tract This type of defect usually occurs through the ™™ „ _ 

combined action of hydrochloric acid and pepsin. By BRIEF DESCRIPTION OF THE DRAWINGS 
definition, peptic ulcers penetrate to at least the submu- FIG. 1 shows the base sequence of the cDNA which 
cosa; more superficial lesions are referred to as erosions. codes for the human acidic FGF in Example 4. 
Peptic ulcers may occur in many locations of the gastro- 30 FIG. 2 shows the construction scheme of the plasmid 
intestinal tract including the stomach, duodenum or TB975 in Example 4. 

esophagus, in Meckel's diverticulum, at the sight of a FIG. 3 to 5 show the elution patterns of the human 
surgically created anastomosis, and, rarely, in the upper acidic FGF in Example 4. 
jejunum. . 

Twenty years ago, treatment of peptic ulceration 35 DETAE^D^CRffTlON OF THE 

consisted of bedrest, a bland diet, antacids, and/or sur- INVENTION 
gical removal of the affected area. More recently, H2- The present invention provides novel compositions 
receptor antagonists have been used in the treatment of and methods for the treatment and/or prevention of 
peptic ulcers. The two most commonly used Hj-recep- FGF-responsive diseases in mammals The method, in 
tor antagonists are ranitidine and cimctidine, both of 40 its simplest form, comprises administering to the mam- 
which act therapeutically by inhibiting gastric acid mal an effective amount of an acid-resistant FGF com- 
secretion. The effectiveness and unwanted effects of position or a pharmaceutically acceptable salt thereof, 
these two antagonists has been extensively studied, e.g>, The invention also provides for certain pharmaceutical 
by Thomas et al., in Clinics in Gastroenterology, Volume compositions comprising acid-resistant FGF or its salt, 
13, Number 2, at pages 501-529. 45 and one or more agents which stabilize, potentiate, or 

While treatment with these antagonists has been otherwise affect the therapeutic efficacy of acid-resist- 
widespread and relatively successful, many peptic ul- ant FGF. Such agents include; CO stabilizing agents such 
cers do not respond to H2-receptor antagonist therapy. as glycosaminoglycan which include heparin, glucan 
For example, while the reasons are not clearly under- sulfate such as dextran sulfate, sulfated cyclodextrins 
stood, some 20 to 30% of duodenal ulcers do not heal 50 such as beta-cyclodextrin tetradecasulfate and /3-l,3- 
after four to six weeks of therapy with either cimetidine glucan sulfate; (ii) antisecretory agents such as H2- 
or ranitidine. Moreover, recurrence or relapse of the receptor antagonists (e.g., cimetidine, ranitidine, famoti- 
ulcerating condition is not uncommon with H2-receptor dine, roxatidine acetate), muscarine receptor antago- 
antagonists. nists (e.g., pirenzepine); (iii) cytoprotective agents such 

Fibroblast growth factor (FGF), has been shown to 55 as spizofurone and prostaglandin derivatives, and; (iv) 
be a potent angiogenic factor which, inter alia, is re- antacids such as aluminum hydroxide gel, sodium bicar- 
sponsible for neovascularization . in wound healing. bonate and sucralfate. Such agents may be administered 
There are two types of FGF, acidic fibroblast growth either separately or as a component of the composition, 
factor (aFGF) and basic fibroblast growth factor In accordance with the present invention, various 
(bFGF). aFGF and bFGF are, however, acid and/or 60 ulcerating diseases of the gastrointestinal tract may be 
heat labile. Thus, prior to the present invention, the use treated by administering to the mamma] an effective 
of FGF in acid and/or heat environments such as in the amount of the acid-resistant FGF composition. Such 
treatment of peptic ulcers has not been possible. ulcerating diseases include regional ileitis, ulcerated 

crnmxnY np twt7 TMVTJKPTTnKr °° htis ^ W^c ulcer (either duodenal or gastric). 

SUMMARY OF THE INVENTION 65 ^ acid . resifitailt FGF composition of the present 

In accordance with the present invention, there is invention can also be used to treat other conditions in 
provided a novel method of treating mammals having a mammals which would be responsive to FGF therapy 
disease which is FGF-responsive, which comprises but for the existence of an acidic environment. For 
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example, in cancer treatment of bladders, there often Preparation of acid-resistant FGF for administartion 
results ulcerations of that organ's tissue which could be is accomplished by conventional techniques. For exam- 
treated with FGF if the FGF were acid-resistant Ban- pie, tablets and capsules are prepared by employing 
daged wounds can also produce an acid environment additives such as pharmaceutiaclly acceptable carriers 
which would respond to acid-resistant FGF. Other 5 (eg. lactose, corn starch, light silicic anhydride, micro- 
conditions in which there is an acid environment and crystalline cellulose, sucrose), binders (e.g. alpha-form 
which would otherwise be responsive to FGF therapy starch, methylcellulose, carboxymethylceilulose, hy- 
will be apparent to the skilled artisan. droxypropylcellulose, hydroxy-propylniethylcellulose, 
The acid-resistant FGF composition of the present polyvinylpyrrolidone), disintegrating agents (e.g. car- 
invention may be a composition of either aFGF or 10 boxymethylcellulose calcium, starchjow substituted 
bFGF. aFGF and bFGF useful in practicing the present hydroxypropylceUulose), surfactants (e.g. Tween 80 
invention may be derived from a number of sources (KaoAtlas), Pluronic F68 (Asahi Denka, Japan); po- 
including mammals such as human, bovine, monkey, lyoxyethylene-polyoxypropylene copolymer)), antioxi- 
swine and equine. dants (e.g. L-cysteine, sodium sulfite, sodium ascor- 
^ Acid-resistant FGF compositions useful in practicing 15 y^te), lubricants (e.g. magnesium stearate, talc), and the 
the present invention include: (i) acid-resistant native ^ 

S?Tf^? GF vT^^ G 5,^ ***** "^SfS Rectal preparations are also prepared by conven- 

FGF which is stabilized by stabihzmg agents; (ui) FGF tional for ^ by employing an oleagi- 

which » ™UUto be acid-rj^tan ; or (rv) modified nous base such 35 a fatty ^ ^ yceride ( 

FCTwmchistether stably sUbilizmg agents^ 20 ^^^.^^^^^^^ 

The preferred acicUre^tant FGF composition is one ^ b py,^ Nob el^ederal Republic of Ger- 

which includes a modified FGF such as a purified re- ma „„\\ Y „ A/r . n , 

combinant human basic FGF (rhbFGF) protein in ™ y)) " ' Y ^jft 0 "?? ( S * ^ 
W hi^ o « i^,,™* /*w«sn»n L (Dynamite Nobel)) or a vegetable od (e.g., sesame oil, 
which a mutation is induced C mutein ) by changing fl u cottonseed oil, ohve oil), 
one or more of the four cysteines present at ammo acid 25 UrL ^, '^J " ' , . * ' . . x 
residues 25, 69, 87, and 92 of tile mature protein to , . When the composition is formulated mto an mjecta- 
serine. In numbering the human bFGF-cWituent bIe aqueous solution, the solution is prepared by con- 
amino acids, the N-terminal Pro is comprises the first v< f bon f me &°?* ™ m Z a » ■? ^ e . ous 
amino acid. The most preferred acid-resistant FGF is &olvent (e * 8 *' water ' P^^OS"* 1 salme > ^S" 
the rhbFGF mutein CS23, the structure of which is 30 e^s solution), or ody solvent (e.g., sesame oil, olive oil), 
more fully described in Senoo et al., Biochemical and £ desire * one 01 , more additives may be employed. 
Biophysical Research Communications, Vol. 151, No. Such ***frves include a dissolution aid (e.g. sodium 
2, 701-708 (1988) and in U.S. Ser. No. 161,123, filed salicylate, sodium acetate), buffer (e.g., sodium citrate, 
Feb. 18,1988,whichcorrespondstoEP-281,822A2,the glycerine), isotonizing agent (e.g., glucose, invert 
disclosures of which are hereby incorporated by refer- 35 stabilizers (e.g., human serum albumin, polyeth- 
ence herein. Other muteins which can be used in prac- vlene g lvcol )> preservatiave (e.g., benzyl alcohol, phe- 
ticing the present invention and which are also de- no1 ) or analgesics (e.g., benzalkonium chloride, pro- 
scribed in these references include muteins in which c ^ nQ hydrochloride). 

amino acid(s) have been added, and where constituent When the composition is formulated into a solid prep- 

amino acid(s) have been deleted or substituted. 40 action for injection, the preparation can be produced 

While not to be bound by theory, it is believed that bv routine methods using, for example, a diluent (e.g., 

the substitution of neutral amino acids such as serine or distilled water, physiological saline, glucose), excipient 

alanine for cysteine residues in FGF stabilizes the FGF ( e -g-» carboxymethylceilulose (CMC), sodium arginate), 

to heat, acid and certain enzymes which degrade FGF. preservative (e.g., benzyl alcohol, benzalkonium chlo- 

This type of substitution is believed to cause minimal 45 ride, phenol), or analegesics (e.g., glucose, calcium glu- 

alteration to the structure and activity of the protein conate, procaine hydrochloride), 

because the substitution of an oxygen atom (serine) for The dosage of acid-resistant FGF required is remark- 

a sulfur atom (cysteine) prevents undersirable intermo- ably small when compared to other pharmaceutical 

lecular disulfide bond formation at the mutation site. agents such as the Ifc-blockers, and depends on a num- 

Acid-resistant FGF in accordance with the present 50 ^ OI> factors including the condition being treated, 

invention has been found to be highly stable in acid whether or not it is used alone or in conjunction with 

environments, particularly when used in conjunction stabilizing agents, antisecretory agents, cytoprotective 

. with one or more of the stabilizing agents discussed in agents and antacids, and the amount of food intake by 

more detail below. Native mammalian FGF and FGF the patient 

which is modified to be acid-resistant are very low in 55 For example, when used to treat ulcerating diseases 
toxicity. of the gastrointestinal tract in human adult patients, the 
The preferred route of administration will depend on amount of the acid-resistant FGF protein component of 
a number of factors including the condition being the composition to be administered orally is generally 
treated and patient convenience. For example, when from about 0.1 ug to 30 mg per day, preferably from 
used to treat ulcerating wounds of the bladder which 60 about 0.1 ug to 10 mg, more preferably from about 1.0 
are induced, for example, by radiation treatment or fig to 3 mg per day, and most preferably from about 10 
chemotherapy, then the acid-resistant FGF composi- jig to 300 fig per day. For oral administration, long to 
tion may be administered by urethral catheter. In treat- ISO fig of the rhbFGF mutein CS23 or its salt may be 
ing ulcerating wounds of the gastrointestinal tract, the formulated as a tablet or a capsule together with a phar- 
preferred route of administration is oral, e.g. by tablet, 65 maceutically acceptable carrier, diluent or other suit- 
capsule, lozenge or chewable gum. Other routes of able vehicle. Such a formulation is beneficially adminis- 
administration for diseases of the gastrointestinal tract tered one to four times daily to bring the dosage within 
include rectal, by enema and parenteral. the preferred range. 



09/10/2003, EAST Version: 1.04.0000 



5,401,721 

5 6 

For certain diseases of the lower gastrointestinal tract glucose units linked by alpha(l-»4) linkage. They have 

such as peptic ulcers and ulcerated colitis, it is preferred a donut-shaped molecular structure which provides a 

that the acid-resistant FGF composition be coated with cavity whereby clathrates may form with guest mole- 

an enteric copolymer such as hydroxypropylmethylcel- cules of suitable size. 

lulose phthalate, cellulose acetate phthalate or a meth- 5 Cyclodextrin sulfate is an ester resulting from the 

acrylic acid copolymer to further protect the acid- sulfonation of these cyclodextrins. Sulfonation is 

resistant FGF from acid and digestive enzymes such as achieved by known methods, One preferred method of 

pepsin. This coated composition thus passes into the sulfonation is described in U.S. Pat No. 2,923,704 and 

gastrointestinal tract such as the digestive tract and Japanese Patent Application Laid-open No. 
alimentary canal where its therapeutic value is opti- 10 36422/1975. 

m * ze< *- The sulfur content of cyclodextrin sulfate normally 

In accordance with another aspect of the present exceeds about 3% (w/w), and is preferably between 

invention, it has been found that certain agents further about 12 to 24% (w/w). Such cyclodextrin sulfates are 

stabilize and/or potentiate the activity of acid-resistant verv so^ie m water 

FGF. Such agents include antisecretory agents, cyto- 15 ^ degree 0 f sulfonation of cyclodextrin sulfate for 

protective agents, antacids, and stabilizing agents such ^ nt mventioil ^ ^ at my level exceeding 

as glycosarnmoglycans and a group > of compounds 12% (w/w) ^ calculated as sulfur content Cyclodex- 

known as gucan sulfates. As the skilled artisan will ^ sulfate containing about 16 to 21% (w/w) sulfur is 

appreciate, the relative amount of such stabilizing- particularly advantageous. 

/potentiating agents to FGF may vary depending on a 20 Th e alpha, beta, and gamma cyclodextrin sulfate salts 

number of factors, including the agent used patient's ^J^e as^bilizL agente 

condition and administration route. In general, the ratio • . , ^^r 11 ^ , " 7T a 

of such stabilizers to FGF by weight iVbetween about ^ ^acco^ce with Ae present invention. /3- 

0.1 to 100, preferably 0.2 to 20, more preferably from c ^ dextrm «uch as beta-cyclodextnn tetradeca- 

about0.5to4. 25^^^^ A . ri . 

The preferred antisecretory agents are ranitidine and /^U-glucan sulfate used in the present mvention is 
cimetkhne. The amount of antisecretory agent used will V*odmd by sulfonating /M,3-glucan. /M,3-glucan is 
vary in accordance with the above-described factors. P™ duced * microorganisms belonging to the genus 
For example, when used to treat peptic ulcers, one Alcahgenusor Agrobactenum has straight chains, is 
preferred composition includes from about 10 to 300 30 water-soluble and is thennogelable. Processes for pun- 
jig, preferably about 100 fig of the rhbFGF CS23 mu- fym S vanous glucans are described in Ebisu et aL, Jour- 
tein and from about 20 to 600 mg, preferably about 200 nal ° f Bacteriology pp. 1489-1501, 1975. 
mg of the antisecretory agent. Curdlan (also known as thennogelable polysaccha- 
The preferred antacids include aluminum hydroxide ride PS, commercially available from Wako Pure 
gel, sodium bicarbonate and sucralfate. The antacid 35 Chemical Industries, Ltd. Japan) is known to be a wa- 
may be taken in conjunction with the acid-resistant ter-insoluble, thennogelable, unbranched straight chain 
FGF or may be incorporated as one component of the S lucan whicn ^ £-(l-»3) linkage alone and which is 
acid-resistant FGF composition itself. The amount of produced by microbial strains belonging to the genus 
antacid will generally be 0.5 to 5 g per treatment Alcaligenes or Agrobactenum (see e.g., Japanese Fa- 
The amount ofcytoprotective agent used will depend 40 tcnt Publication Nos. 7,000/1968, 32,673/1973 and 
on a number of factors including the agent used. For the 32,674/1973 and British Patent No. 1,352,938). The 
prostaglandin derivative the amount is generally be- curdlan producers Alcaligenes faecalis var. myxogenes 
tween 2.5 to 5 u.g per adult human, and in the case of NTK-u strain, Agrobacterium radiobacter strain and 
spizofurone about 80 mg per adult human. Agrobacterium radiobacter U-19 strain are listed re- 
Stabilizing agents-which may be used in accordance 45 spectively under ATCC-21680, ATCC-6466 and 
with the present invention include glycosaminoglycans ATCC-21679 in the American Type Culture Collection 
such as heparin, fragments of heparin, glucan sulfates Catalogue of Strains, I, 15th edition, 1982. 
such as dextran sulfate, cyclodextrin sulfate and 0-1,3- Hydrolysates which are low molecular weight deriv- 
glucan sulfate. Said glucan sulfate preferably has a sul- atives of curdlan may also be used. The method of its 
fur content of not less than about 3% (w/w), more 50 production is described in detail in Japanese Patent 
preferably between about 12 to 20% (w/w), and most Application Laid-open No.83798/1980, or in U.S. Pat. 
preferably between about 16 to 20% (w/w). The pre- No. 4,454,315. 

ferred stabilizing agents are the glucan sulfates, and in 0-1,3-glucan may have an average degree of poly- 
particular dextran sulfate. merizarion (HP) below 1000. In particular, its partial 

Glycosaminoglycan, has been previously described, 55 hydrolysate with a DP ranging from 6 to about 300 is 

for example, in Molecular Biology of the Cell, Garland recommended, and its partial hydrolysate with a DP 

Publishing Inc., New York, London, 1983. It is desk- from 15 to about 200 is preferred, 

able that the glycosaminoglycan used in the present The sulfate of straight chain /3-1,3-gIucan for the 

invention have about 0.1 to 3.0 sulfate groups per disac- present invention is an ester resulting from the sulfona- 

charide unit, and that its molecular weight be in the 60 tion of the hydroxy! groups of £-l,3-glucan or its lower 

range of from 1,000 to 100,000, preferably from 2,000 to polymers; an ester with an average degree of substiru- 

50,000. Examples of such glycosaminoglycans include tion (DS) of 0.5 to 3 per monosaccharide unit is nor- 

heparin, heparan sulfate and dermatan sulfate. mally used, and an ester with a DS of 1 to 2 is preferably 

Heparin is described, for example, in the Merck In- used, 

dex, 8th ed. 1983. The molecular weight of heparin 65 Sulfonation of straight chain /M,3-glucan or its low 

ranges from about 5,000 to about 40,000. molecular weight polymer can be achieved by the 

Cyclodextrins are natural cyclic compounds consist- method described in Journal of Biological Chemistry, 

ing of six (alpha), seven (beta) or eight (gamma) D- 239, 2986 (1964). The sulfur content of 0-1,3-glucan 
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sulfate is normally over 5% (W/W), preferably about An aqueous solution of FGF protein component, an 

10 to 21% (W/W), and it is very soluble in water. aqueous solution of glucan sulfate and an aqueous solu- 

Examples of the preferred glucan sulfate, dextran tion of carboxylic acid may be mixed or a mixture of 
sulfate, empl yable in the present invention include these materials in solid form may be dissolved in water, 
sulfate of dextran, the dextran being produced from 5 The mixing of these materials is conducted at tempera- 
sucrose by the action of microorganisms such as Leuco- tures ranging from 0° to 40° C. and preferably at pH 
nostoc mesenteroides. ranging from about 3 to 10, more preferably from about 

Dextran sulfate is a partial sulfate of dextran whose 5 to 9. The time required for mixing is usually in the 

principal structure is an alpha (l-*6) linkage of glucose, range of from about 1 to 30 minutes. The resulting com- 

and the sulfur content is usually not less than about 10 position may be lyophilized, during which procedure a 

12%, preferably about 16 to 20%. The average molecu- complex may be formed and recovered, 

lar weight is in the range of from about 1,000 to For separating and recovering resulting stabilized 

40,000,000, preferably in the range of from about 3,000 FGF composition, a gel-filtration method using Sepha- 

to 1,000,000 and the dextran sulfate is very soluble in dex gel, etc. or an ion-exchange chromatography using 

water. 15 DEAE-or CM- Toyopearl may be used. Alternatively, 

The glucan sulfate employable in the present inven- the stabilized FGF composition can be used as it is, 

tion may also be in the form of a salt. As the salt, any without separation or recovery, 

phannaceutically acceptable cation may be employed, By the processes described above, a highly stabilized 

e.g., sodium, potassium, ammonium, trimethyl ammo- composition of FGF is obtained, which composition 

nium, and the like. 20 can be safely used to treat mammals such as humans, 

When bringing glucan sulfate into contact with the rats, guinea pigs, dogs, mice, and the like. 

FGF protein component in an aqueous medium, it may The invention will be further illustrated with refer- 

be conducted by first adding glucan sulfate in the free ence to the following examples which will aid in the 

state then by adding an adequate amount of an alkali or understanding of the present invention, but which are 

an acid to adjust the pH desirably. By the addition of an 25 not to be construed as a limitation thereof, 

alkali, the glucan sulfate may take the form of a salt in The recombinant human basic FGF (rhbFGF) used 

the aqueous medium, or a mixture of free glucan sulfate in the following Examples 5, 6 and 7 was produced in 

and glucan sulfate in the salt form may co-exist. the manner described in Example 1, 3, 6 or 8 of EP- 

When the FGF protein component of the present 237,966 employing a transformant Escherichia coli K12 
invention is brought into contact with glucan sulfate in 30 MM294/pTB669 (IFF 14532, FERM BP-1281). 
an aqueous medium, it is preferably conducted in the rhbFGF mutein CS23 used in the following Exam- 
presence of di- or tri-basic carboxylic acid to give an pies 1, 2, 3, 5, 6 and 7 was produced by the manner 
even more stabilized FGF. Examples of di-basic carbox- described in the above-referenced Biochemical and 
ylic acid include tartaric acid, maleic acid, malic acid, Biophysical Research Communications vol. 151, pages 
fumaric acid, etc. Examples of tri-basic carboxylic acid 35 701-708 (1988), and Reference Examples 1 and 2 and 
include citric acid, iso-citric acid, etc. Examples 1, 6,7 and 24 of U.S. patent application Ser. 

The above-mentioned carboxylic acids may also be in No.161,123 which corresponds to EP-281,822 A2 em- 

the form of a salt It may also be possible that native ploying a transformant Escherichia coli MM294/pTB 

carboxylic acid be added to an aqueous medium, to 762 (IFO 14613, FERM BP-1645). 

which is added an adequate amount of an alkali or an 40 Recombinant human acidic FGF (rhaFGF) used in 

acid to adjust the pH desirably. By the addition of an the following Example 6 was produced by the manner 

alkali, the glucan sulfate may take the form of a salt in of Example 4 mentioned below, 
the aqueous medium, or a mixture of free glucan sulfate 

and glucan sulfate in the salt form may co-exist EXAMPLE 1 

When FGF protein component is brought into 45 In the following experiments, the animal model de- 
contact with glucan sulfate in an aqueous medium, the scribed by S. Szabo, MD in the American Journal of 
ratio of glucan sulfate to the FGF protein component Pathology, pages 273-276, 1978, was used to induce 
ranges from about 0. 1 to 100 by weight, preferably from duodenal ulcers in normal rats. Specifically, cysteamine 
0*2 to 20 by weight most preferably from 0.5 to 4 by was given at a dose of 25 milligrams per 100 grams of 
weight. 50 body weight (BW) orally by intragastric lavage 3 times 

The concentration of glucan sulfate in an aqueous on the same day. Twenty-four hours later, approxi- 

medium ranges preferably from about 0.0005 to 5 mately 10% of the rats died of a perforated ulcer. By 

w/v%, more preferably from about 0.01 to 1 w/v%. day 3, a small abdominal incision was made in each rat 

The concentration of acid-resistant FGF in an aqueous to determine if a duodenal ulcer was present Rats with- 

medium ranges preferably from about 0.0005 to 5 55 out any external evidence of duodenal ulcer, approxi* 

w/v%, more preferably from about 0.01 to 1 w/v%. mately 1-2% of the surviving rats, were eliminated from 

The amount of the carboxylic acid is preferably such as the study. Thus, all rats entering the study had ulcers, 

its concentration in an aqueous medium ranges from 1 and were randomized in order to prevent bias. 

mM to 1M, more preferably from about 10 mM to 500 All of the rats used in the study began with a body 

mM. 60 weight of approximately 160 grams. The following 

For bringing the FGF protein component into results were obtained from four groups of rats treated 

contact with glucan sulfate and further with carboxylic for 2 1 days and sacrificed. All measurements were taken 

acid in an aqueous medium, mere mixing of these mate- at the time of sacrifice after 21 days of therapy, 
rials in the aqueous medium accomplishes the purpose. 

As the aqueous medium, use is preferably made of 65 Group I 

distilled water, physiological saline, glucose solution, No FGF Therapy 

buffers such as phosphate buffer and Tris-hydroxymeth- Four rats with ulcers received no FGF therapy. The 

yl-aminomethane-HCl buffer. incidence, depth and area of their ulcers were statisti- 
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cally similar to SO other untreated rats in studies previ- 
ously carried out 



10 

-continued 



x = 208 g 



Mean Ulcer depth* 
Mean Area of Ulcers 
Body Weight 



1.623 (S.D. « 1.302; 
S.E.M. = 0.460) 
8.83 mm 2 (S.D. = 9,75 
S.EM. = 3.45) 
189 g 

176 g 

177 g 
180 g 

182 g 



10 



•"Mean Ulcer Depth" a* uicd herein means as follows: 1 = a few cells deep into the 
epithelium; 2 => below the mucosa and into the muscle cells; 3 <=> through the muscle 
layct; and 4 = penetrated (just prior to perforation. 



Group II 

rhbFGF mutein CS23 10 nanograms 

A second group of four rats received rhbFGF mutein 
CS23 at 10 nanograms per 100 grams of body weight 20 
orally, twice a day. This dose was adjusted for the 
weight of each animal, twice each week. 



Mean Ulcer depth = 


1.00 (S.D. = 1.414; 




S.RM. = 0.707) 


Mean Area of Ulcers = 


3.14 mm 2 


Body Weight 


232 g 




212 g 




204 g 




216 g 


x = 


216 g 



As can be seen from the above data, orally adminis- 
tered acid-resistant rhbFGF mutein CS23 results in 
rapid healing of cysteamine-induced ulcers. Even the 
best combination of H-2 blockers produce results less 
than or equal to that obtained in the 10 nano- 
gram/rhbFGF mutein CS23 group. 

EXAMPLE 2 

rhbFGF mutein CS23 was added to a Dulbecco 
IS MEM medium containing 10% fetal calf serum to ob- 
tain a concentration of 10 /xg/ml, to which was further 
added a salt of dextran sulfate (from Seikagagu Kogyo, 
Japan) so that the final concentration of the latter was 
25 u.g/ml. This medium was incubated at 37* C. for 24 
hours. The salts of dextran sulfate were sodium salts 
whose average molecular weight was 5,000, 7,500 or 
500,000, respectively. As a control group, the same 
medium, to which no dextran sulfate sodium was added, 
was employed. The remaining activities after 24 hours 
are shown in Table 1. In the remaining control, no 
substantial mutein CS23 activity remained, while in the 
test groups, the FGF activity remained stable. 

TABLE 1 



25 



Group III 

rhbFGF mutein CS23 100 nanograms 

A third group of four rats received rhbFGF mutein 
CS23 at 100 nanograms per 100 grams of body weight 
orally, twice a day. Again, this dose was adjusted for 
the weight of each animal, twice each week. 



30 



35 



Mean Ulcer depth « 


0.25 (S.D. « 0.5; 




S.E.M. = 0.25) 


Mean Area of Ulcers = 


0.392 mm 2 (all ulcers 




completely 




healed, except 




for one tiny 




ulcer still 




healing in one 




rat) 


Body Weight 


198 g 




205 g 




254 g 




215 g 


x = 


218 g 



Group IV 

rhbFGF mutein CS23 500 nanograms 

A final group of five rats received rhbFGF mutein 
CS23 at 500 nanograms per 100 grams of body weight 
orally, twice a day. Once again, this dose was adjusted 
for the weight of each animal, twice each week. 



40 



45 



50 



55 



60 



Mean Ulcer depth 

Mean Area of Ulcers 
Body Weight 



= 0.6 (S£>. = 1.342; 

S.E.M. « 0.6) 
« 1.88 mm 2 

207 g 

214 g 

295 g 

196 g 



65 



Additive 



Remaining FGF 



Dextran sulfate sodium 


93 


(average molecular weight 5,000) 




Dextran sulfate sodium 


100 


(average molecular weight 7,500) 




Dextran sulfate sodium 


100 


(average molecular weight 500*000) 




Control 


6 



From the above data, it can be seen that dextran 
sulfate protects the rhbFGF mutein CS23 from temper- 
atures to which it would be exposed in treating mam- 
mals. In other words, by bringing dextran sulfate into 
contact with FGF in an aqueous medium, stabilized 
FGF can be obtained. This stabilized FGF can be for- 
mulated into pharmaceutical preparations which are 
resistant to heat, acid and enzyme reactions found in the 
gastrointestinal tract. 

EXAMPLE 3 

An aqueous solution (pH 7.4) containing 0.5 mg of 
rhbFGF mutein CS23, 0.23 mg of dextran sulfate so- 
dium having an average molecular weight 7500,and 15 
mg of sodium citrate per ml was prepared. 

EXAMPLE 4 
Production of acidic FGF 

Human acidic FGF was produced by the manner 
mentioned below referring to the methods described in 
Biotechnology 5, 960 (1987), Journal of Biological 
Chemistry 263, 16471 (1988), and ICSU Short Report 
volume 8, Advances in Gene Technology: Protein En- 
gineering and Production, Proceedings of the 1988 
Miami Bio/Technology Winter Symposium, IRL Press, 
page 110. 

0) Construction of expression plasmid 

The cDNA (FIG. 1), which codes for human acidic 
FGF, was chemically synthesized and inserted into a 
plasmid pUC18 (Methods in Enzymology, 101, 20-78 
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(1983)) to give plasmid pTB917. The plasmid pTB917 gradient time 200 min.) The fractions Nos. 40-55 (FIG. 

was cleaved with BspM I and the ends were blunted by 4) were collected to give pruified human acidic FGF. 

the reaction of E. coli DNA polymerase I large frag- (iv) Reversed Phase C4 HPLC 

merit Then, the DNA was digested with BamHI to give 0.25 ml of 1.2 mg/ml solution containing the purified 

0.45 Kb DNA fragment. As a vector DNA, pET3c 5 haFGF obtained in step (iii) was mixed with 0.1% triflu- 

(Studier, F. W. et al Journal of Molecular Biology, 189, oroacetic acid (TFA), and the mixture was applied to 

113-130 (1986)) which carries <f>10 promoter of T7 reversed phase C4 column (VYDAC, USA). Elution 

phage was employed. PET3c was cleaved with Ndel, was performed on a linear gradient of 0% to 90% ace to* 

and blunted by employing E. coli DNA polymerase I nitrile under the presence of 0.1% TFA to investigate 

large fragment. Thereafter, the Ncol linker 5'- 1° the elution pattern. Flow rate 1 ml/min. Gradient time 

CCATGG-3' was ligated to this DNA using T4 DNA 60 min. The results are shown in FIG. 5. 

ligase. The resulting plasmid was cleaved with Ncol, ( v ) Biological Activity 

blunted with E. coli DNA polymerase I large fragment, Biological activity of the purified haFGF obtained in 

and thereafter cleaved with BamHI to remove S10 step (iv) was measured by the method of Sasada et al. 

sequence. To that site the 0.45Kb BspMI-BamHI blunt- 15 Mol. Cell Biol. 8, 588-594(1988), namely the activity 

ended fragment was inserted by ligation with T4 DNA was measured by the incorporation of [3H] thymidine 

ligase to give plasmid pTB 975 (FIG. 2). m DNA in BALB/c3T3 cell. When sample was added, 

(ii) Expression of haFGF cDNA in E. coli a so i uti on of heparin (SIGMA , Grade I) was admixed 

Escherichia coli MM294 was lysogenized with to the culture medium and the sample, when necessary, 

lambda phage DE3 (Studier, supra), in which the RNA zu 

polymerase gene of T7 phage had been recombined. EXAMPLE 5 

Thereafter, the plasmid pLysS was introduced into E. ^ the following experiments, the animal model de- 

coli MM294 (DE 3) to give E. coli MM294 (DE3)/p- scribed b y K. Takagi et al. Jpn. J. Pharmacol, 19 

LysS. To tiiis strain plaanid pTB975 was mttoduced, p . 4 l 8-426, 1969, was used to induce gastric, duodenal, 

whereby E. coli MM294 (DE3)/pLysS, pTB975 was or colonic m normal rats . Seven-week old male 

obtained. The above : transformant was cultivated in j c i: Sp rague-Dawley rats weighing about 250 g were 

L-broth contaimng 35 ug/ml of ampicuhn and 10 meda ^ were anesthetized with ether and an incision 

jig/ml of cMoramphemcol at 37 C. When the Klett was made in the abdomen. A round metal mold, 6 mm 

vafce was about ^ 70 isopropyl ^thiogalactoside 3Q m diameter, was placed in close contact with the serosal 

(IPTG) was added to the medium to 0.5 mM as the final surface * ^ jimction of ^ wa31 of ^ 

concentration, and the cultivation was contmuedfor a mdanixnm m ^ stomach> ^ duodenal walij ^ 7 

farther 3 hours. The cells ^were harvested by centnfuga- „ ^ t0 x or ^ wall? ^ 5 cm 

to* washed with PBS, harvested again, and stored at ^ to ^ fleo<ecal junctioiL Glacial 90edc acid (50 

Ciii) Purification of haFGF 35 ^ ™f th ! : mold J and was kft * ^ for 2 ° 

We cells collected from 1 liter of cultured broth fX™^ 
were suspended in 100 ml of buffer contaimng 10 mM ° fs ?f e md ^j* d ?" 

Tris-Hd (pH7.4), 10 mMEDTA, 0.6 M NaCl, 10% vf* ?/ GF COm ? OSltlOI1S ; i W«" m 

sucrose and 0.25 mM PMSF and then to the suspension ^ZJl ? ^ * * y 

egg white lysozyme was added at a concentration of 0.5 40 (9 *fb *** «*ys beginning the 

mg/ml. After keeping in an ice-bath for one hour, the next ^ y ^ were 

mixture was incubated at 37° C for 5 minutes, subjected b * CO2 asphyxiation 7 oays after the operation. The 
to ultrasonication (20 seconds, twice), and subjected to ^cerXed f* 8 ^ ^ 0 10 about 3 > 0: 
centrifugation (SORVALL, 18000 rpm, 30 min., to 4' 45 n ? leSK>n > 1 J nucosa J erosion, 2: moderate ulcer, 3: deep 
C) to give a supernatant This supernatant was mixed ulcer or Perforation) were measured under a dissecting 
with buffer contaimng 20 mM Tris-HCl (pH7.4) and 1 microscope with a 1 mm square grid eyepiece (X 10). 
mM EDTA under ice-cooling. The resulting mixture ^ ^cer ***** was obtained from the product of area 
was passed through a heparin Scpharose column (diam- m ^ depth. 

eter 2.5X4 cm) equilibrated with a buffer containing 20 50 Acetic acid applied to the serosal surface of the stom- 
mM Tris-HCl (pH 7.4), 1 mM EDTA, and 0.2M NaCl. duodenum and colon produced a round ulcer. As 

After washing the column with 1 50 ml buffer contain- can De seen from Tables 2-4, the ulcer indices of control 
ing 20 mM Tris-HCl (pH 7.4), 1 mM EDTA and 0.5M & on V ™ cadtl at 7 days after operation were 
NaCl, protein was eluted with buffer containing 20 mM 6.7±1.1, 5.7±1.1 and 14.2±1.6, respectively. The con- 
Tris-HCl (pH 7.4), 1 mM EDTA and 1.5 M Nad The 55 &o*V received the vehicle alone comprising 50 
eluates were fractionated to be 6 ml each, and the frac- citrate buffer (pH 7.0) containing 150 mM NaCl; 

tions (Nos. 8-1 1, total 24 ml) shown as the second peak *te rhbFGF group received rhbFGF orally at 30 jig 
were collected by monitoring with OD 280 (FIG. 3). P er kg of body weight; the CS23 ©roup received CS23 
To these fractions an equal amount of buffer (22 ml) (rhbFGF mutein CS23) orally at 30 /ig per kg of body 
containing 20 mM Tris-HCl (pH 7.4), 1 mM EDTA and 60 weight; and the CS23-DS group received a mixture of 
2M (NILO2SO4 was added. The mixture was passed CS23 and DS (dextran sulfate) with an average molecu- 
through a phenyl Sepharose column (diameter 2.5x8 lar weight of 7500 at 30 u-g and 13.8 /ig, respectively, 
cm) equilibrated with buffer containing 20 mM Tris- per kg of body weight. CS23 and CS23-DS accelerated 
HC1 (pH 7.4), 1 mM EDTA and 1M (NH^SCH at a the healing of the gastric, duodenal, and colonic ulcers; 
flow rate 0.5 ml/min. After washing the column with 65 the effects on the duodenal and colonic ulcer being 
the buffer of the same components employed for equili- statistically significant (Tables 2-4). The effect of 
bration, elution was performed on a linear gradient of rhbFGF on the healing of the ulcers was less significant 
1M to 0M ammonium sulfate (flow rate 0.5 m./min., less than CS23 and CS23-DS. 
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Effet 


its of rhbFGF, CS23 and CS23-DS on the healing 


process of acetic acid-induced gastric ulcers in rats. 




Dose 


No. of Ulcer 


% Improvement 


Treatment 


(Mg/fcg, P-o) 


rats index 


in ulcer index 


Control 




8 6.7 ± 1.1 




rhbFGF 


30 


8 5.8 ± 0.9 


13 


CS23 


30 


8 4.3 ±0.9 


36 


CS23-DS 


30 


8 3.6 ± 0.9 


46 



Results are expressed is moo ± &c 



10 



TABLE 3 



received rhaFGF prepared by the manner of Example 4 
at 2 fig per rat. 

As can be seen from Table 5, NEM applied to the 
mucosal surface of the colon produced severe deep 
ulcers. The ulcer index of control group 1 1 days after 
the administration of NEM was 231.6±51.1 in Exp. 1 
and 191.6±84.5 in Exp. 2, respectively. All of rhbFGF, 
CS23, CS23-DS and rhaFGF and rhaFGF accelerated 
the healing of the colonic ulcers. 

TABLE 5 

Effects of rhbFGF, CS23, CS23-DS and rhaFGF on the healing 



Effects of rhbFGF, CS23 and CS23-DS on the healing process 
of acetic acid-induced duodenal ulcers in rats 



Treatment 



% Improve- 
Dose Na of ment in 

Qig/kg, p.o) rats Ulcer index ulcer index 



15 



Control 
rhbFGF 
CS23 
CS23-DS 



30 
30 
30 



5.7 ± 1.1 
5.9 ± 1.4 
2.5 ± 0.5* 
1.7 ± 0.4** 



-4 
56 
70 



Results are expressed as mean ± 

• : p < aos, 

**: p < aOl vs. Control (Student's t test) 



Treatment 


Dose 
(Mg/rat) 


No. of 
rats 


Ulcer index 


% Improve- 
ment m 
ulcer index 


Exp. 1 










Control 




8 


231.6 ± 51.1 




rhbFGF 


2 


9 


167.6 ± 37.3 


28 


CS23 


2 


9 


108.4 ± 26.3* 


53 


CS23-DS 


2 


9 


79.4 ± 14.9* 


66 


Exp. 2 










Control 




10 


191.6 ± 84.5 




rhaFGF 


2 


9 


99.4 ± 25L2 


48 



TABLE 4 



25 



Effects of rhbFGF, CS23 and CS23-DS on the healing process 




of acetic-induced colonic ulcers in rats 












% Improve- 




Dose 


No. of 




ment in 


Treatment 


0*gAg, p-o.) 


rats 


Ulcer index 


in ulcer index 


Control 




8 


14.2 ± 1,6 




rhbFGF 


30 


8 


14.0 ± 1.5 




CS23 


30 


8 


8.0 ± 1.9* 


44 


CS23-DS 


30 


8 


73 ±11 


49 



30 



Results are expressed as mean ± s.e. 
•: p < 0.05 s. Control (Student's t test) 



35 



EXAMPLE 6 

In the following experiments, colonic ulcers were 
induded by the topical application of N-ethylmaleimide 40 
(NEM) on the surface of colonic mucosa. Seven-week 
old male JckSprague-Dawley rats weighing about 250 g 
were used. Rats were administered 50 pi of 3% NEM 
dissolved in 1% methyl cellulose intracolonally 6 cm 
oral portion from the anus using a Nekton's cathether. 45 
The FGF compositions dissolved in 50mM citrate 
buffer (pH 7.0) containing 150 mM NaCl or 20 mM 
Tris-HCl buffer (pH 7.0) in a volume of 0.2 ml/rat were 
given intracolonally 7 cm from the anus using a Nela- 
ton's cathether twice a day (9 a.m. and 4 p.m.) for 10 50 
consecutive days beginning the day after inducement of 
the ulcer by NEM treatment The animals were sacri- 
ficed by CO2 asphyxiation 11 days after NEM treat- 
ment The ulcerated area (mm 2 ) and depth (grade 0-3: 
0: no lesion, 1: mucosal erosion, 2: moderate ulcer, 3: 55 
deep ulcer or perforation) were measured under a dis- 
secting microscope with a 1 mm square grid eyepiece 
(X 10). The ulcer index was obtained from the product 
of area and depth. 

In Exp. 1, the control group received the vehicle 60 
alone comprising 50 mM citrate buffer (pH 7.0 ) con- 
taining 150 mM NaCl; the rhbFGF group received 
rhbFGF at 2 pig per rat; the CS23 group received CS23 
at 2 /ig per rat; and the CS23-DS group received a 
mixture of CS23 and DS with an average molecular 65 
weight of 7500 at 2 jig per rat and 0.92 pg per rat, 
respectively. In Exp. 2, the control group received 20 
mM Tris-HCl buffer (pH 7.0) alone, rhaFGF group 



Results are expressed as mean ± s-e.' 
*: p < 0.05 vs. Control (Student's t test) 



EXAMPLE 7 

In the following example, the animal model described 
in Example 1 was used to induce duodenal ulcers in 
normal rats. Female rats received 3 doses of cystea- 
mine-HCl 25 mg/100 g p.o. Three days later rats with 
penetrating duodenal ulcers (as determined by laparot- 
omy) were randomized into control and treatment 
groups. Rats (6-8/group) received (1) vehicle alone; (2) 
rhbFGF (wild) (wild type recombinant human bFGF); 
or (3) CS23 (acid-resistant mutein rhbFGF mutein 
CS23) at 100 ng/100 g by gavage twice daily until au- 
topsy on day 21, when ulcers were measured and histo- 
logic sections taken. The experiment was repeated 3 
times and the results pooled in Table 6: 

TABLE 6 



Therapy 


Rats with Ulcers 


Ulcer Crater 


Control 


89% 


9.8 ± 4.6 mm 2 


rhbFGF (wild) 


80% 


11 ± 13 mm 2 






(p = 0.073) 


(CS23) 


33% 


1.7 ± 1.1 mm 2 






(p = 0.063) 



As can be seen from Table 6, histology of FGF- treated 
rats revealed: prominent angiogenesis, mild 
mononuclear cell infiltration, and dense granulation 
tissue in the ulcer bed; healed ulcers which were com- 
pletely epithelialized; hypertrophic normal gastric and 
duodenal mucosa. These fldings were not observed in 
the rats treated with vehicle alone. 

EXAMPLE 8 

In the following example, the animal model described 
in Examples 1 and 7 was used to induce duodenal ulcers 
in normal rats. Female rats received 3 doses of cystea- 
mine-HCl 25 mg/100 g p.o. Three days later rats with 
penetrating duodenal ulcers (as determined by laparot- 
omy) were randomized into control and treatment 
groups. Rats (3-4/group) received (1) vehicle alone; (2) 
CS23 (acid-resistant mutein rhbFGF mutein CS23) at 
100 ng/100 g; and (3) cimetidine at 10 mg/100 g by 
gavage twice daily until autopsy on day 21, when ulcers 
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Therapy 


Rats with Ulcers 


Ulcer Crater 


5 


Control 


100% 


10.6 ± 9.0 mm 2 . 




Cimetidine 


50% 


6.7 ± 2.9 mm 3 




(CS23) 


75% 


2.8 ± 1.9 mm 2 
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were measured and histologic sections taken. The re- 2. A pharmaceutical composition for ulcerating dis- 
sults are shown in Table 7: eases of the gastrointestinal tract which comprises acid- 

TABLE 7 resistant FGF, an antisecretory agent and a pharmaceu- 

tically acceptable carrier, wherein the ratio of the an- 
tisecretory agent to acid-resistant FGF by weight is 
between 0.1 to 100. 

3. A pharmaceutical composition for ulcerating dis- 
eases of the gastrointestinal tract which comprises FOF 
or acid-resistant FGF, an antisecretory agent and a 
As can be seen from Table 7, use of the acid resistant 10 pharmaceutical^ acceptable carrier, wherein the ratio 
FGF composition of the present invention in the treat- of antisecretory agent to FGF by weight is between 0.1 
ment of ulcers results in marked improvement as com- t0 100 and wherein the antisecretory agent is selected 
pared with standard cimetidine therapy. from S^P of cimetidine or ranitidine. 

Other modifications of the above-described embodi- „ 4 ' A ? 1 T n ^ cal f composition for ulcerating dis- 
ments of the invention will be apparent to those skilled 15 "5 £ ^SSSfS ST*. "SStJSZ 
in the art and are intended to be within the scope of the F ° F ' t ™ t m ^ reto *y md a pharmaceutically 

f . wituui «iu ^ F ui mc acceptable earner, wherein the amount of FGF is about 

foUowing claims. 1O-300 ug, and the amount of the antisecretory agent is 

What is claimed is: about 20-600 mg. 

1. A pharmaceutical composition for ulcerating dis- 20 5. A pharmaceutical composition for ulcerating dis- 
eases of the gastrointestinal tract which comprises eases of the gastrointestinal tract comprising about 
FGF, an antisecretory agent and a pharmaceutically 10-300 fig of FGF, about 0.5-5 g of sucralfate and a 
acceptable carrier, wherein the ratio of the antisecre- pharmaceutically acceptable carrier, 
tory agent to FGF by weight is between 0. 1 to 100. * * * * * 

25 
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(1) constructing a vector comprising a base sequence 
PRODUCTION OF ACIDIC FGF PROTEIN encoding the aFGF protein and a T7 promoter up- 

stream therefrom, 

This is a continuation of application Ser. No. (2) traiisforrning a host with the vector, and 
08/014,003, filed on 5 Feb. 1993, now abandoned, which 5 (3) culturing the resulting transformant in a medium, 
is a continuation of application Ser. No. 07/547,818, riled According to the invention, there is also provided a 
on 2 Jul. 1990, now abandoned. vector comprising a base sequence encoding an aFGF 

FIELD OF THE INVENTION protein and a T7 promoter upstream therefrom. 

w ... „ Further according to the invention, there is provided 

Ttepres^tmvention^^ 10 a ^ a vector compris ing a base se- 

mg an acidic fibroblast grow* factor protein. More ^ encodin m & GF protein ^ a £ promoter 

specifically, the present invention relates to a method uDStream therefrom 
for the preparation of an acidic fibroblast growth factor P*™ 8 ™ • 

(also, hereinafter briefly referred to as aFGF) protein ^0 according to the invention, there is provided a 
which may be employed as wound healing promoting 15 method P^P^S aFGF protein which com- 
agents, which coirfprises prises culturing the transformant in a meoium. 

constructing a vector comprising a base sequence According to the present mvention, aFGF proteins 
encoding the aFGF proteinrand a T7 promoter can . be V*!™* efficiently by use of the vector com. 
upstream therefrom, P mm S ^ 17 Promote* ™ d therefore the method ac- 

transforming a host with the vector, and culturing the 20 to the present invention is industrially useful in 

resulting transformant in a medium. producing the aFGF protein. 

Further, the present invention relates to a vector BRIEF DESCRIPTION OF THE DRAWINGS 
comprising a base sequence encoding the aFGF protein 

and a T7 promoter upstream therefrom. FIG - 1 depicts a cDNA sequence of human aFGF 

Another aspect of the present invention relates to a 25 med m Example 1. 
transformant containing the vector. FIG- 2 shows a schematic illustration for construc- 

tion of plasmid pTB975 obtained in Example 1. 
BACKGROUND OF THE INVENTION FIG. 3 depicts an elution profile obtained in Example 

Acidic FGFs are a group of endothelial cell growth 1. 
factors that have been observed in hypothalamus, brain, 30 FIG. 4 depicts an elution profile obtained in Example 
retina, etc. and that have a molecular weight of about 1. 

1 6000 and an isoelectic point of 5 to 7. They are charac- FIG. 5 depicts an elution profile obtained in Example 
terized by the ability to bind strongly for heparin, and in 1 . 

general well known as a neovascularizing factor. FIG. 6 shows a schematic illustration for construe- 

Methods for the preparation of aFGF by use of ge- 35 tion of plasmid pTB1069 for the expression of 5 amino 
netic engineering techniques have been reported in terminal residue-deleted aFGF obtained in Example 2. 
Biotechnology 5, 960 (1987); Journal of Biological FIG. 7 shows a schematic illustration for construc- 
Chemistry, 263, 16471 (1988); ICSU Short Reports tion of plasmid pTB1070 for the expression of 43 amino 
Volume 8, Advances in Gene Technology; Protein terminal residue-deleted aFGF obtained in Example 2. 
Engineering and Production, Proceedings of the 1988 40 fig. 8 depicts an elution profile from a heparin 
Miami Bio/Technology Winter Symposium, IRL Press, HPLC column used for purification of 5 amino terminal 
page 110; and EP No. 0319052. residue deleted & GF obtained m Example 2. 

It is still desirable, however, to produce aFGF by FIG. 9 depicts an elution profile from a Q Sepharose 
recombinant DNA techniques m higher efficiency. column used for purification of 43 amino terminal resi- 

SUMMARY OF THE INVENTION 45 due deleted aFGF obtained in Example 2. 

r , ^ . - J . . FIG. 10 shows a schematic illustration for construe- 

In general m order to increase the productivity of tion of lasmids pTB i 2 07 and P TB1208 which are ob- 
gene products by the application of genetic engineering ^^^^^3. 
techniques, it is necessary to select the most optimal . u •« * n * 

combhlation of promoter, host and vectorfor each gene 50 + . ~ ? ^owzKhwUcMusM for construc- 
encoding the desired gene product lon ? f P™209 for the expression of 9 amino 

In accordance with the present invention, we have ^e-deleted aFGF which is obtained in 

synthesized chemically cDNA for human aFGF by E **"^ I _ « „ 

utilizing the information with regard to the amino acid mQ ' n ^ ows a schematic ^tration for construc- 
sequences of human aFGF which has been reported in 55 tion of plasmid pTB1210 for the expression of 12 ammo 
the literature [F. Esch et al., Biochem. Biophys, Res, terminal residue-deleted aFGF which is obtained in 
Commun. 133, 554-562, 1985], performed the expres- Example 3. 

sion of the cDNA in combination with various promot- DETAILED DESCRIPTION OF THE 

ers, hosts and vectors, and thereby evaluated expression INVENTION 
levels (productivities of gene products). 60 

As a result, it has been now found that the expression The aFGF protein which can be produced in the 
system of cloned genes in Escherichia coli wherein a T7 present invention includes a bovine aFGF, a human 
promoter [F. W. Studier et al. J. Mol. Biol. 189, aFGF and the like. The ammo acid sequences of bovine 
113-130, 1986] is used for the expression of aFGF and human aFGFs are disclosed in Biochemical and 
cDNA is most advantageous. 65 Biophysical Research Communicaitons, Vol. 138, No. 

According to the invention, there is provided a 2, pp. 611-617 (1986). The aFGF proteins which can be 
method for the preparation of an aFGF protein which produced also include muteins in which a part of amino 
comprises, acid sequence is changed, deleted, and/or added. 



09/10/2003, EAST Version: 1.04.0000 



5,395,756 

3 4 

The aFGF muteins in the present invention maintain; tryptophan, serine, threonine methionine and the like, 

however, essentially the amino acid sequence of the Particularly preferred are serine and threontne. When 

orginal peptide and protein. the constituent amino acid before substitution is other 

Such mutation may include amino acid additions of than cysteine, the newly introduced amino acid is, for 

amino acid(s), deletions of constituent amino acid(s) or 5 example, selected from those different in hydrophilic or 

substitutions of constituent amino acid(s) by other hydrophobic properties, or electric charge from the 

amino acid(s). original amino acid before substitution. When the con- 

Amino acid addition means adding at least one amino stituent amino acid before substitution is aspartic acid, 

acid thereto. examples of the newly introduced amino acid may in- 

Amino acid deletion means deleting at least one con- 10 c i U d e asparagine, threonine, valine, phenylalanine, and 

stituent amino acid therefrom. arginine, and most preferably asparagine and arginine. 

The deleted-type muteins are preferably those com- Wnen ^ constituent amino acid before substitution 

prising continuous polypeptides consisting of from 90 to & ^ mtroduced amino acid may include glu- 

133 ammo acids of aFGF, more preferably those com- tarnine, threonine, leucine, phenylalanine, and aspattic 

prising continuous poIypepUdes consisting of from 120 15 acid, and most preferably glutanune. When the constitu- 

to 131 ammo acids of aFGF, still more preferably those ent aminQ acid substituiton h glycine , ^ ^ 

compnsmg continuous polypeptides consisting of from duced acid my bclude threonine, leucine, phen- 

V\ a ^Z aads -°ff F GF * . # , . ylalanine, serine, glutamic acid, argintne and the like, 
Such deleted-type muteins can lack up to 3 ammo ' A ™„* r . *u • tit? *t. I 
•j r *u A* c A T?/ic. t- T and most preferably threonine. When the constituent 

acids from the C-termmus of mature aFGF. Examples 20 ^A.c^ ~„u^+„+:~„ •„ • +u • A 

of said deleted-type muteins may include, for example, amm ° bef ° re . SU . b S f ™ ? mt ™ duced 

those lacking any of 8 amino acids, 9 amino acids, 11 ™ mclud . e . me ^ omne > 

amino acidsf 12 "amino acids, 20^nino acids 2 43 ^e, glutanune, armmne, aspattic acid and the like, 

amino acids from the N-terminus of human aFGF, ™t%°*\r ^ "f 00 ?** .„ w v . . 

Furthermore, the deleted-type muteins may include 25 . ^ * e co " s ** en ! ™ ^ before substitution 

those which lack 5 amino acids or 1 amino acid from the * **** ^ Produced ammo acid may include serine, 

N-terrninus of human aFGF, those which lack 6 amino e^e, Prolme, gjycme, lysine, aspartic acid and the 

acids from the N-teraiinus of bovine aFGF, muteins ^ and most P refera bly, serine, 

which comprise an amino acid sequence residing either . ™ e co ^ mu * nt ammo before substitution may 
between positions 1 and 15, between 114 and 140, be- 30 ^lude preferably aspattic acid, alguune, glycine, serine 

tween I and 41, or between 7 and 41 of bovine aFGF and valine - ^ introduced amino acid may include 

(numbered from the N-terminus), those which comprise preferably asparagine, glutamine, arginine, threonine, 

an amino acid sequence residing either between posi- methionine, serine, and leucine. Most preferred are 

tions 1 and 41, or between 7 and 41 of human aFGF substituted muteins in which cysteine, a constituent 

(numbered from the N-tenninus), and the like. 35 amin0 ^d, is replaced by serine. 

Such substitution means substituting another amino *° substitution there may be two or more substi- 

acid for at least one of aFGF-constituent amino acids tutions simultaneously. Most preferred is the substitu- 

therein. ti° n of 2 or 3 constituent amino acids. The mutein can 

Where the rautein in the present invention has at least result fron ; one or more of combinations of the 

one amino acid added to aFGF, the at least one amino 40 abovementioned additions, deletions and substitutions, 

acid therein excludes methionine derived from initiator Tne present invention may be used for the production 

codons used for expression of peptides and signal pep- °f human aFGF mutein comprising one or more substi- 

tides. The number of added amino acids is at least one tutions of the cysteine residues at positions 16, 83 and 17 

and it may be any one as long as the mutein keeps the °f mature human aFGF with other amino acid(s) and- 

characteristics of aFGF. Preferably, the added amino 45 /° r 30 additional methionine attached to the first amino 

acids may include some or all of the amino acid sequen- ac *d at the N-terminus of mature human aFGF. 

ces in proteins which are accepted to be homologous Furthermore, the present invention may be used for 

with aFGF and exhibit activities similar to those of tne production of bovine aFGF mutein comprising one 

aFGF. or more substitutions of the cysteine residues at position 

In a mutein which lacks at least one aFGF-constitu- 50 47 and 83 of mature bovine aFGF with other amino 

ent amino acid, the number of deleted amino acids may acid(s) and/or an additional methionine attached to the 

be any one, as long as the mutein keeps the characteris- fast amino acid at the N-terminus of mature bovine 

tics of aFGF. aFGF. 

In a mutein where aFGF-constituent amino acid is Further, the present invention may be used for tSev 

substituted by other amino acid, the number of the 55 production of said human and/or bovine aFGF mu-7 

aFGF constituent amino acids before substitution tein(s) comprising 139, 140 or 154 amino acids. ^Jfi 

therein replaced is not limited, as long as the mutein The mutein comprising 139 amino acids is equivalent 

keeps the characteristics of aFGF. Examples of the to the 140 amino acid form with the amino terminal 

constituent amino acids before substitution may include phenylalanine residue removed, 

cysteine and other amino acids, and particularly prefer- 60 The mutein comprising 154 amino acids is equivalent 

ably, cysteine. Examples of the constituent amino acid to a mutein which contains the following additional 

which is other than cysteine includes aspartic acid, amino acids: Ala-Glu-Gly-Glu-Ile-Thr-Thr-Phe-Thr- 

arginine, glycine, valine and the like. When theconstit- Ala-Leu-Thr-Glu-Lys with the C-terminus Lys at- 

uent amino acid before substitution is cysteine, the tached to the N-tenninus Phe at the first position of the 

newly introduced amino acid is preferably, for example, 65 140 amino acid from (EP No.03 19052). 

a neutral amino acid. Examples of the neutral amino The method according to the present invention is 

acid may include, for example, glycine, valine, alanine, unexpectedly advantageous in producing human aFGF 

leucine, isoleucine, tyrosine, phenylalanine, histidine, protein. 
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For the preparation of said muteins, site-directed Methods of cultivation of the transformants are con- 

mutagenesis is applicable and useful. This technique is ventional. The liquid medium is suitable for the medium 

well known in the literature, for example, Lather, R. F. used for cultivation. The liquid medium may contain a 

and Lecoq, J. P., Genetic Engineering, Academic Press carbon source, a nitrogen source, minerals and the like. 

(1983), 31-50. The mutagenesis directed on oligonucle- 5 The carbon source may include, for example, glucose, 

otides is described in Smith, M. and Gillam, S, Genetic dextrin, soluble starch, sucrose, etc The nitrogen 

Engineering; Principle and Method, Plenum Press source may include inorganic or organic materials such 

(1981) Vol. 3, 1-32. The structural genes encoding the ^ ammonium salts, nitrate salts, cornsteep liquor, pep- 

muteins may be prepared by, for example, *on» casein, meat extracts, soy bean cakes, potato ex- 

(a) hybridizing a single-stranded DNA comprising a 10 tracts, etc. The mineral may include, for example, cal- 
single strand of aFGF structural gene, with a oligo- cmm chloride, sodium dihydrogenphosphate, magne- 
nucleotide primer having mutation (the primer is chloride, etc. 

complementary to a region comprising a codon for Further yeast extracts, vitamins, growth promoting 

cysteine to be replaced or, as the case may be, an factors, etc may be supplemented. The pH of medium 

anti-sense triplet pairing with the codon for cysteine, 15 can varv preferably from about 6 to about 8. The me- 

except that mismatches with codons for other amino dium for culturing the transformant R coli may 

acids, and, as the case may be, antisense.triplets are delude preferably, for example, M9 medium containing 

permitted glucose and casamino acid [Miller, Journal of Experi- 

(b) elongating the primer with DNA polymerase to ? ei f * Molecular Genetics, 431-433, Cold Spring 
form a heteroduplex having the mutation, and 20 Ha f bor Laboratory, New York (1972)]. 

(c) replicating the heteroduplex with the mutation. According to necessity, for ^ working the promoter 
A phage DNA carrying the mutated gene is then efficiently reagents such as for example, 30-indolyl 

isolated and inserted into a plasmid. The plasmid thus ? cr >£* ™ d and propyl thiogalactopyranoside may 

obtained is used to transform an appropriate host (for „ e e J? ® * , . . 

^^rJ* 77 —/a «k*«« o ^ QT1 ef rt l5 OT ,f T7 nmm ' 25 Cultivation can be earned out usually at temperatures 

example, R colt) to obtain a transformant. T7 promo ers f fr ^ x . y * * 

used for the mvention may be any of T7 promoters ,~ T 77u «T 7. " * 

found on T7 DNA [J. L. Oakley et al, Proc. Natl. Acad. ^ « d * iS?" H * ^ 

StJ^ftT^ FifT <X % ofte aFGF protein from the culture can 

815-825 (1979), N. Panayotatos et al. Nature 280, 35 - n . ^j,,,,*^ *^ *^ *xn^„^«« 

(1979), J. J. Dunn et alf J. Mol. Biol. 166, 477-535 30 E^S"* 8 * ** 30001(11115 t0 *" 

(1983)] and preferably ^ 10 promoter [A H. Rosenberg Methodg for ertnc ^ the tein from ^ 

etal. Gene , 56, 125-135 (1987)]. Traiiscnption termma- cultured ^ rOK)rgan ^ s or ^s, may include a 

tors used for the mvention may be any of termmators method ^p^g collecting the microorganisms or 

capable of working in tan Rcoh system, and preferably 35 cells m a con venti 0 nal manner after cultivation, and 

7, t ^^TL^d^\ Gt 31,9 J * MoL Bl ° L 1 ? 9, elutin S * e sub j^ Protein out of the cell by sus- 

1 13-130 (1986) . T7 RNA polymerase genes may m- pendillg ^ microorganisms or cells in a buffer contain- 

?1^37,?««il St ^ ieT ^fh 1, MoL BloL 18 . 9, in S Protein denaturing agents such as guanidine hydro- 

113-130 (1986)]. Vectors from which vectors used in chloride, a method comprising disrupting the microor- 

the mvention are denved may include, for example, 40 ganism or the cell by french press, sonication,iysozyme, 

pBR322, pUC8, pUC9, pMB9, pKC7, pACYCl77, and/or freezing-thawing and then obtaining the aFGF 

pKN410 and the like. The vectors used in the invention protein by centrifugation, etc. 

are constructed by recombination of T7 promoters and Particulary preferable are the french press method 

T7 terminators into the above described vectors. Such and the combined method of lysozyme and sonication. 

vectors may be pET-1, pET-2, pET-3, pET-4 and 45 a method for purifying the aFGF protein from the 

pET-5 [A. H. Rosenberg, Gene 56, 125-135 (1987)], and supernatant can be conducted by combining suitably 

preferably pET-3c and pET-8c [supra]. Hosts used for known isolations and purifications per se. 

transformants in the invention may include any of R The isolations and purifications may include a 

coli strains incorporated with 17 RNA polymerase gene method utilizing solubilities such as salting-out, solvent 

(T7 gene I) [F. W. Studier et al., J. Mol. Biol. 189, 50 precipitation and the like, a method utilizing mainly 

113-130 (1989)], for example, MM294, DH-lj C600, differences of molecular weight such as dialysis, ultrafil- 

BL21, etc. tration, gel filtration and SDS-poly acrylamide gel dec- 

Preferably used are MM294 strain and BL21 strain trophoresis and the like, a method utilizing differences 

herein T7 gene 1 inserted X phages are lysogenized. of charge such as ion-exchange chromatography and 

Promoters for T7 gene 1 may be promoters capable 55 the like, a method utilizing specific affinities such as 

of inducing an expression, for example, lac, recA, trp affinity chromatography and the like, a method utilizing 

and the like, and preferably a lac promoter. Transfer- differences of hydrophobicity such as reversed phase 

mants used in the invention can be obtained by trans- high-performance liquid chromatography and the like, 

forming the T7 gene 1 (RNA polymerase gene) incor- a method by the use of differences of tsoelectic point 

porated E. coli with plasmids carrying T7 promoters, 60 such as tsoelectic electrophoresis and the like. The ap- 

genes to be expressed and transcription terminators plication of the aFGF protein in the R coli extracts to 

according to conventional methods such as the methods affinity chromatography by the use of heparin Se- 

disclosed in Proc. Natl. Acad. Sci., USA, 69, 2110 pharose as a carrier is advantageous among the methods 

(1972), Gene, 17, 107 (1982), etc. for purification of aFGF protein. Purification of aFGF 

1 — - In certain preferred embodiments, the hosts used are 65 protein can be conducted, for example, by loading the 

previously transformed with plasmids carting T7 lyso- etuate on a heparin Sepharose column equilibrated with 

zyme genes and thereby the resulting transformant may a buffer such as Tris and phosphate, at neutral or near 

carry two different plasmids simultaneously. pH, followed by elution with a linear gradient such as 



of 
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NaCl and the like after sufficient washing. Particularly TABLE 1 -con tin d 

useful is a heparin column which has been developed " n ue 

for high performance liquid chromatography (for exam- 
ple, Shodex AF-pak HR. 894, Showadenko K. K.). In a 
similar fashion of the heparin Sepharose column, the 
aFGF protein can be recovered as an approximately 
homogeneous product by loading the sample thereon in 
a neutral or near buffer followed by elution with a linear 
Gradient such as NaCl and the like after sufficient 
washing. The product thus obtained can be subjected to 10 In ^ specificat i on m(i ^-.^ ofthe resent B . 

dialysis and lyoplahzatton to give a dry powder. Pre- cation, the abbreviations used for bases, anuno adds and 

fared * the preservation of lie yophuized product by so forth ^ ^ recommended b ^ IUPAC-IUB 

adding serum albumin and the like as a stabilizer be- Commission on Biochemical Nomenclature or those 

cause adsorption of the product to a container can be ^ convell tionaU y used in the art. Examples thereof are 

preven given below. Amino adds for which optical isomerism 

Dunng pur* cation or preservahon processes, the is ^ unless otherwise m £ m ^ L fornL 

presence of a sight amount of a reducing agent m ad- DNA: Deoxyribonucleic add 

mixture therewith ,s useful for prevention of oxidation cDNA: Complementary deoxyribonucleic add 

thereof. The reducing agents may include 0-mercaptoe- ^. Adenine 

thanol, dithiothreitol, glutathione and the like. 20 j' xhvmine 

Substantially pyrogen and endotoxin-free, substan- q. Ouajjjjjg 

tially pure aFGF proteins can be obtained. q' Cytosine 

The substantially pure aFGF protein according to the r^A: Ribonucleic add 

present uwennon includes products in which aFGF dATP: Deoxyadenosine triphosphate 

protein content B more than 95% , (w/wX and more 25 ^jjp. Deoxythymidine triphosphate 

Z^Z'fwZ, ^ P * dGTP: De°*yguV)sine triphosphate 

T^r? % « . . . . . , dCTP: Deoxycytidine triphosphate 

The aFGF protein thus obtained can be used, for ATP; Adenosine triphosphate 

example as a cure promoting agent for burns, wounds, Tdr . Thymidine 

etc Furthermore since it posseses growth promoting 30 ^ tetraacetic acid 

activity of nerve cells, it is useful m treating various SDS: Sodimn dodecyl sulfate 

neuropathies. G1 Q1 .g y 

For its pharmaceutical use, the aFGF can be safely Ala 7 ^h^e 

adniinistered to warm-blooded mammals (e.g. humans, Va |! Valine 

mice, rats, hamsters, rabbits, dogs, cats) parenterally or 35 j^'. Leu Cme 

orally either in a powder form per se or in the form of jj e . i so leucine 

pharmaceutical compositions (e.g. injections, tablets, Set '. serine 
capsules, solutions, ointments) in admixture with phar- Threonine 

maceutical acceptable carriers, excipients and/or dilu- Cys ! Cysteine 
ents. The pharmaceutical compositions can be formu- 40 Methionine 

lated in accordance with a conventional method. Glu: ' Gmtamic acid 

when used for the above pharmaceutical purposes, a so . Asnartic ac id 

the aFGF is administered, for example, to the above L 

warm-blooded mammals in an appropriate amount se- a lT. ArfHninp 

lected from the range of from about 10 ng to 10 /xg/kg 45 His- Histitoie 

body weight a day according to route of administration, p he '. phenylalanine 

reaction sensitivities, severity of the disease, etc. T ' T 

Further, the aFGF protein thus purified can be used -jyo* TrvotoDhan 

as a reagent for promoting cell cultivation. In this in- p^" pj^jg 

stance, the aFGF protein is added to the medium pref- A g n *. Asoaraeine 

erably in an amount of about 0.1 to 10 fig per liter of Gm: ' Giu^^ 

T-i vln ^ * *„ ^ * i_- i_ , , . , . The numbering of constituent amino acids in human 

The following transfonnants which were obtamed in M . ^ , . a +u * * ■ j .77 

*i. t? — i x: j , , , . , ana bovine arGrs used therein is in accordance with 

£SS% mMb ^ be ^ were deputed at the ^ described m Biochemical and Biophysical 
Institute for Fementeton OsaH Japan (IFO) and at Cammmicrtian. Vol. 138, 611-617 (1986). 

the Fermentation Research Institute, Agency of Indus- 

trial Science and Technology, Ministry of International EXAMPLE 

Trade and Industry, Japan (FRI) under the Bundapest ^ invention is illustrated by ^ following 

Their accession numbers on the deposit dates are 60 3& " n0t t0 limit ^ 

shown in Table 1 below CThe deposit dates are indicated mventlon m ^ manner 
in parenthesis). Example 1 

TABLE 1 Preparation of aFGF 

Transfonnant ifo FRI 65 ( a ) Construction of Plasmid for Expression 

£ coli MM294(DE3)/ ifo 14936 ferm bp-2599 Plasmid pTB917 carrying chemically synthesized 

pLysS, pTB 975 (September 12, (September 20, 1989) cDNA of human aFGF (FIG. 1) in pUC18 (Methods in 

(Example D m9 ) Enzymology, 101, 20-78 (1983)) was digested with 
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BspMI and treated with DNA polymerase large frag- (d) Reversed-Fhase C4 HPLC 

ment to create blunt ends followed by digestion with The solution (1.2 mg/ml) of purified human aFGF 

BamHI to produce a 0.45 kb DNA fragment. was- mixed with 0.25 m. of 0.1% trifluoroacetic acid 

Plasmid pET-3c carrying <(» 10 promoter of T7 phage (TFA), applied on a reversed-phase C4 clumn 

(Studeer.F.W.etaL^J.MoLBiol. 189, 113-130(1986), 5 (VYDAC), and eluted with a linear gradient of 

Gene 56, 125-135 (1987)) was used for a vector DNA. 0%-90% acetonitrile in 0.1% TFA. 

The pET-3c was cleaved with Ndel and treated with The elution pattern was examined. The elution was 

DNA polymerase large fragment to create blunt ends performed at 1 ml/min of flow rate for 60 min (FIG. 5). 

followed by ligation of Ncol linkers, 5 '-CCATGG-3' ( e ) Biological Activity 

with T4 DNA hgase. The resulting plasmid was 10 Activity of human aFGF was assayed by the determi- 

cleaved with Ncol and blunt^ended with DNA poly- nation of 3 H-thymidine incorporation into DNA of 

merase large fragment followed by cleavage with murine BALB/c 3T3 cell lines, in accordance with the 

BamHI to remove S10 sequences. The resulting frag- method of Sasada, et aL (MoL Cell Biol. 8, 588-594 

ment was Hgated wto T4 DNA ligase to the 0,45 kb (1988)) . Upon addition of the sample, depending on 

Wunt-ended BspMI-BamHI fragment to give pTB975 15 necessity, a heparin solution (SIGMA Grade D was 

275* . _ _ m ^ _ _ . ^ , . added to media and the sample. 

(b) Expression of Human aFGF cDNA in R coli 

X phage DE 3 having T7 phage RNA polymerase Example 2 

gene [Studier, F. W. et al., J. Mol.l^L 189^13-130 Preparation of Recombinant Human aFGF Mutein 

198Q] was lysogemzed in R coh MM 294 strains fol- 20 Dele ^ d Amino Xermini 

lowed by transfection of plasmid I pLysS canying T7 (a) Construction of Plasmid for Expression 

phage lysozyme gene [Studier, F. W.etaL, J.Mol.Bioi. pi acm ;M «xrqi7 ^J»; M iu, «««fi,-«,^ 

189, 113-130 (1986)] to produce R coli MM294 J^^2*SS?SK 

(DE3)/pLysS strains. The R coli strain was trans- £^1^™^ 

formed with pTB975 to give R coli MM294 (DE3)/ P - 25 ^ r 0 * °- 78 < 19 A 3 ^ w ^ f 1 " 

LysS, pTB975 (IFO 14936, FERM BP-2599). Smal f ? 0r ^ A ^S £ ^^J? 

Tne transformant was incubated in a medium con- ^on of Ncol linkers, 5'-CCATGG-3' with TA DNA 

taming 35 jxg/ml of ampiciUin and 10 ^/g/ml of chlo- Jf"^?"" 8 I*™* were cleaved wrfh Ncol and 

ramphenicol at 37' C When the turbidity reached to B ^ 11 t0 Prepare0.41 kb and 03 kb DNA fragments. 

Klett 170, isopropyl j^D-thiogalactoside (IPTG) was 30 £ E1 ? C c 5 r >^J 7 * £ promoter (given by 

added to finally 0.5 mM. Incubation was continued for Studier, F. W ' ^ ven ^ onal Labs U ' S - A ->> 

additional three hours. P^" 80 18 described in J. Mol. Biol., 189, 1 13-130 

The transformants were harvested by centrifugation, < 1985 > md Gene » 56 > 125 -!3 5 (1987)) was used for a 

washed with PBS cooled in ice, recollected, and stored vector DNA - ^ pETSC was cleaved with Ncol and 

at —20* C. until use. 35 BamH3 > followed by ligation of the 0.41 kb DNA frag- 

(c) Purification of Human aFGF 1116111 811(1 me °- 3 kb thereto with T4 DNA hgase to 
The microorganisms collected from 1 liter of culture obtain PTB1069 (FIG. 6) and pTB1070 (FIG. 7), re- 
were suspended in 100 ml of ice-cooled 10 mM Tris- spectively. 

HC1 (pH 7.4) containing 10 mM EDTA, 0.6M NaCl, <b) Expression of haFGF cDNA Deleted Amino Ter- 

10% sucrose and 0.25 mM PMSF, and egg white lyso- 40 m ^ m £ 0011 

zyme was added to 0.5 mg/ml. The suspension was * phage DE3 having T7 phage RNA polymerase 

allowed to stand in ice for an hour, incubated at 37° C. g rae [Studier, F. W. et al., J. Mol. Biol., 189, 1 13-130 

for five minutes, sonicated (20 sec, twice), whilst ice (1986)] was lysogenized in R coli MM 294 strains 

cooling, and centrifuged (SORVALL, 18K rpm, 30 follwed by transfection of pLysS carrying T7 phage 

min., 4* C.) to give a supernatant The supernatant was 45 lysozyme gene [Studier, F. W. et al., J. Mol. Biol. 189, 

mixed with 200 ml of ice-cooled 20 mM Tris-HCl (pH 113-130 (1986)] to produce R coli MM294 (DE3)/p- 

7.4) containing 1 mM EDTA, and applied to a heparin LvsS strains. 

Sepharose column (2.5X4 cm) equilibrated in 20 mM The £ co// strain was transformed with pTB1069 and 

Tris-HCl (pH 7.4) containing 1 mM EDTA and 0.2M pTB1070 to give R coli MM294 (DE3)/pLys S, 
NaCl. The column was washed with 150 ml of 20 mM 50 pTB1069 (IFO 14937, FERM BP-2600) and R coli 

Tris-HCl (pH 7.4) containing 1 mM EDTA and 0.5M MM294 (DE3)/pLys S, pTB1070 (IFO 14938, FERM 

NaCl, and then protein eluted with 20 mM Tris-HCl BP-2601), respectively. 

(pH 7.4) containing 1 mM EDTA and 1.5M NaCl. The transformant was Incubated in a medium con- 
Six ml fractions were collected, monitored at OD28O taining 35 u-g/ml of ainpicillin and 10 fig/ml of chlo- 
and the second peak fractions (No. 8-11, total 24 ml) 55 ramphenicol at 37° C. When the turbidity reached to 
pooled (FIG. 3). Klett 120, isopropyl £-D-thiogalactoside was added to 
Twenty two ml of the eluate was mixed with an finally 0.5 mM. Incubation was continued for additional 
equivalent amount of 20 mM Tris-HCl (pH 7.4) contain- two hours. The transformants were harvested by cen- 
ing 1 mM EDTA and 2M (NH^SO^ and applied to a trifugation, washed with phosphate buffered saline 
phenyl-Sepharose column (2.5 X 8 cm) equilibrated with 60 (PBS) cooled in ice, then recollected, and stored at 
20 mM Tris-HCl (pH 7.4), containing 1 mM EDTA and -20° C. until use. 

1M (NH4)2S04 (flow rate: 0.5 ml/min.). (c) Purification of Five Amino Terminal Residue- 

The column was washed with 20 ml of the same deleted haFGF 

buffer, and eluted with a linear gradient of from 1M to R coli MM294 (DE3)/pLys S, pTB 1069 (IFO 14937, 

0M ammonium sulfate (folow rate: 0.5 ml/min, for 200 65 FERM BP-2600) collected from 75 ml of the culture 

min). was suspended in 10 ml of ice-cooled 10 mM Tris-HCl 

Fractions 40-45 were collected (FIG. 4) as a purified (pH 7.4) containing 10 mM EDTA, 0.2M NaCl, 10% 

aFGF. sucrose and 0.25 mM phenylmethylsulfonyl fluoride 
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(PMSF) followed by addition of egg white lysozyme to promoter (J. Mol. Biol. 189, 113-130 (1986) and Gene 

0.5 mg/ml. 56, 125-135 (1987)) to obtain plasmids pTB1209 for 

The suspension was allowed to stand in ice for an expression of 9 amino terminal deleted-type mutein and 

hour, then incubated at 37° C. for 5 min., sonicated pTB1210 for expression of 12 amino terminal deleted- 

whilst ice cooling and centrifugated (SORVALL* 18K 5 type mutein, respectively (FIG. 11 and FIG. 12). 

rpm, 30 min, 4° C) to give a supernatant. The superna- (b) Expression of haFGF cDNA Deleted Amino Ter- 

tant was applied to a heparin HPLC column (0.8 cm X 5 mini in R coli 

cm) equilibrated with 20 mM Tris-HCl (pH 7.4). The X phage DE3 having T7 phage RNA polymerase 

column was washed with 20 mM Tris-HCl (pH 7.4) gene [Studier, F. W. et al. J. Mol. Boil: 189, 113-130 
containig 0.6M NaCl, eluted with a linear gradient of 0 10 (1986)] is lysogenized in R coli MM294 strains followed 

to 2M NaCl (flow rate: 1 rm/min. for 1 nr.) and 1 ml by transfection of plasmid pLysS carrying a T7 phage 

fractions were collected. The eluted fractions 28-32 lysozyme gene [Studier F. W. et al, J. Mol. Boil. 189, 

were pooled (FIG. 8). Five amino acid residue deleted 113-130 (1986) to give Escherichia coli MM294 

human aFGF (4.2 rag) was obtained by the above pro- (DE3)/pLysS. The R coli is transformed with pTB1209 
cedures. 15 and pTB 1210 to produce R coli MM294 (DE3)/pLysS, 

(d) Purification of 43 Amino Terminal Residue Deleted pTB1209 and MM294 (DE3)/pLysS, pTB1210, respec- 

haFGF tively. The transformants are cultured in a medium 

R coli MM294 (DE3)/pLysS, pTB 1070 (IFO 14938, containing 35u.g/ml of ampicillin and 10 /xg/ml chlo- 

FERM BP-2601) collected from 125 ml of the culture ramphenicol at 37° C, and when the turbidity reaches 
was suspended in 10 ml of ice-cooled 10 mM Tris-HCl 20 to Klett 120, isopropyl £-D-thiogalactoside is added to 

(pH 7.4) containing 10 mM EDTA, 0.2M NaCl, 10% 0.5 mM in a final concentration foDowed by cultivation 

sucrose, and 0.25 mM PMSF followed by addition of for additional 2 hours. The microorganisms are har- 

egg white lysozyme to 0.5 mg/ml. vested by centrifugation, washed with phosphate bufif- 

The suspension was allowed to stand in ice for an ered saline (PBS) cooled in ice, then recollected, and 

hour, then warmed to 37° C for 5 min., sonicated whilst 25 stored at — 70 9 G until use. 

ice cooling and centrifugated. A part of the resultant microorganism is used, soni- 

The precipitate was suspended in 2M NaCl followed cated, centrifuged to prepare a crude extract which is 

by recentrifugation to give a precipitate which was assyed for biological activities according to the method 

suspended in 15 ml of 20 mM Tris-HCl (pH 7.4) contain- described in Example 1 (e) to exhibit a significant result, 
ing 6 M urea and 10 mM DTT and incubated in ice for 30 The following references, which are referred to for 

3 hr whilst intermittently stirring. The resulting solution their disclosures at various points in this application, are 

was centrifugated to give a supernatant which was incorporated herein by reference, 

applied to a Q-Sepharose column (2.5 cm X 8 cm) equil- 1. Biotechnology, 5, 960 (1987) 

ibrated with 20 mM Tris-HCl (pH 7.4) containing 3M 2. Philip J. Barr, et al. Journal of Biological Chemistry, 
urea. 35 263,16471 (1988) 

The column was washed with a buffer used for equili- 3. D. L. Linemeyer, et al. ICSU Short Reports. Volume 
brating, eluted with a linear gradient of 0M-1M NaCl at 8, Advances in Gene Technology: Protein Engineer- 
a flow rate of 0.6 ml/min. for 160 min. and 2.5 ml frac- ing and Production, Proceedings of the 1988 Miami 
tions were collected (FIG. 9). The eluted fractions Bio/Technology Winter Symposium, IRL Press, 
14-19 were pooled and dialyzed against 2 1 of 20 mM 40 page 110 

Tris-HCl (pH 7.4) containing 5 mM DTT overnight 4. Thomas Jnr, kenneth A. et al. EP No. 0 319 052 

followed by 3 1 of 20 mM Tris-HCl (pH 7.4) containing 5. F. Esch, et al. Biochem. Biophys. Res. Commun. 
1 mM DTT for 3 hr. Fourty three amino acid terminal 133,554-562, 1985 

residue deleted human aFGF (3.2 mg) was obtained by 6. F. W. Studier et al. J. Mol. Biol. 189, 1 13-130 (1986) 

the above procedures. 45 7. Guillermo Gimenez-Gallego, et al. Biochemical and 

RMtnnla , Biophysical Research Communicaitons, Vol. 138, 

^P^ 3 No.2,pp.611-617(1986) 

Preparation of Recombinant haFGF Mutein Deleted 8. Lather, R. F. and lecoq, J. P., Genetic Engineering, 
9 Amino Acid Terminal Residues and Recombinant Academic Press (1983), 31-50 

haFGF Mutein Deleted 12 Acid Amino Terminal Resi- 50 9. Smith, M. and Gillam, S. Genetic Engineering; Prin- 
zes ciple and Method, Plenum Press (1981), Vol. 3, 1-32 

(a) Construction of Plasmid For Expression 10. J. L. Oakely, et al, Proc. Natl. Acad. Sci. U.S.A. 74, 

Plasmid pTB917 inserted with human aFGF cDNA 4266-4270 (1977) 

(FIG. 1) is digested with Hind III and Bam HI to cut 11. M. D. Rosa, Cell, 16, 815-825 (1979) 

out a cDNA portion which is inserted into a Hind III- 55 12. N. Panayotatos, et al. Nature 280, 35 (1979) 

Bam HI site of RF DNA in M13 mp 19 phagges (Gene 13. J. J. Dunn et al, J. Mol. Biol. 166, 477-535 (1983) 

33; 103-119 (1985)) with T4DNA ligase (FIG. 10). 14. A. H. Rosenberg et al. Gene, 56, 125-135 (1987) 

From the resulting phage the single stranded DNA is 15. Proc Natl. Acad. Sci., U.S.A., 69,2110 (1972) 

prepared into w hich m utagenesis is introduced by the 16. Gene, 17, 107 (1982) 

use of primers 5'-TTTGGGCTCCATGGAATTCCC- 60 17. Miller, Journal of Experiments in Molecular Genet- 
s' and 5'-GCAGTAGAGGACCATGGGCTT-3' to ics, 431-433, Cold Spring Harbor Laboratory, N.Y. 
obtain pTB!207 and pTB1208, respectively (FIG. 10.) (1972) 

For the reaction of site directed mutagenesis, mutagene- 18. Methods in Enzymology, 101, 20-78 (1983) 

sis kits purchased from AMASHAM (U.K.) are used. 19. Sasada, et al. Mol. Cell Biol., 8, 588-594 (1988) 

The plasmids pTB1207 DNA and pTB1208 DNA are 65 20. Gene, 33, 103-119 (1985) 
digested with Ncol and BamHI to cut out mutated What is claimed is: 

aFGF cDNAs which are inserted into a NcoI-BmaHI 1. A vector comprising (1) a cDNA sequence encod- 

site of said plasmid pET-8c carrying T7 phage <f> 10 mg a human acidic fibroblast growth factor (haFGF) or 
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a deletion-type mutein of haFGF which lacks UP to 43 
amino acids from the N-terminus of haFGF and (2) a T7 
promoter which is operably linked into an upstream site 
therefrom. 

2. The vector according to claim 1, which is pTB975. 

3. A vector comprising (1) a cDNA sequence encod- 
ing a human acidic fibroblast growth factor (haFGF) or 
a deletion-type mutein of haFGF which is Selected 
from the group consisting of 1, 5, 8, 9, 1 l f 12, 20 and 43 
amino terminal residue-deleted haFGF and (2) a 17 
promoter which is operably linked into an upstream site 
therefrom. 

4. A transformant host cell containing a vector com- 



which is operably linked into an upstream site there- 
from. 

5. The transformant according to claim 4 which is E. 
coli MM294(DE3)/pLysS, pTB975 (FERM BP-2599). 

5 6. A method for the preparation of a human acidic 
fibroblast growth factor (haFGF) or a deletion-type 
mutein of haFGF which lacks up to 43 amino acids 
from the N-terminus of haFGF which comprises cultur- 
ing a transformant host cell containing a vector com- 

10 prising (1) a cDNA sequence encoding an haFGF or 
said deletion-type mutein and (2) a T7 promoter which 
is operably linked into an upstream site therefrom in a 
culture medium to produce and accumulate an haFGF 



or said deletion-type mutein in the transformed cells, 
prising (1) a cDNA sequence encoding a human acidic 15 lysing the cells and purifying the protein from resulting 
fibroblast growth factor (haFGF) or a deletion-type haFGF<ontaining solution or said deletion-type mu- 
mutein of haFGF which lacks up to 43 amino acids tern-containing solution, 
from the N-terminus of haFGF and (2) a T7 promoter ***** 
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